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FIG. 1. Contributions to the B− → Λp̄νν̄ decay from (a) penguin and (b) box diagrams.

the B̄ → BB̄′ transitions in [18–24] can be reliably adopted, as the theoretical studies of

B(B̄ → ΛΛ̄K̄) [22], B(B̄0 → ΛΛ̄D0) and B(B− → Λp̄D(∗)0) [23] relating the B̄ → BB̄′

transitions are approved to agree with the data [25, 26]. In addition, with the B− → pp̄

transition, the CP violation for B− → pp̄K∗− [24] is found to be nearly 20% of the world

average [27, 28] even though it is still inconclusive experimentally due to the data errors.

The paper is organized as follows. In Sec. II, we provide the formalism, which involves the

decay amplitude and rate of B− → Λp̄νν̄ based on the form factors in the parameterizations

for the matrix elements of the B̄ → BB̄′ transitions. We give our numerical results and

discussions in Sec. III. In Sec. IV, we present the conclusions.

II. FORMALISM

The effective Hamiltonian for the inclusive mode of b → sνℓν̄ℓ is given by [29]

H(b → sνℓν̄ℓ) =
GF√
2

αem

2πsin2θW
λtD(xt)s̄γµ(1− γ5)bν̄ℓγ

µ(1− γ5)νℓ , (1)

with λt = V ∗
tsVtb, xt ≡ m2

t/m
2
W , and νℓ = νe or νµ or ντ , where D(xt) is the top-quark loop

function [30, 31]. From Fig. 1, via the effective Hamiltonian in Eq. (1) the amplitude of

B− → Λp̄ νℓν̄ℓ can be factorized as

A(B− → Λp̄νℓν̄ℓ) =
GF√
2

αem

2πsin2θW
λtD(xt)⟨Λp̄|s̄γµ(1− γ5)b|B−⟩ ν̄ℓγµ(1− γ5)νℓ , (2)

where the explicit form of the matrix element for B− → Λp̄ depends on the parameterization,

which has been studied in three-body baryonic B̄ decays. With Lorentz invariance, the most

general forms of the B̄ → BB̄′ transition form factors are given by [23]

⟨BB̄′|q̄′γµb|B̄⟩ = iū(pB)[g1γµ + g2iσµνp
ν + g3pµ + g4qµ + g5(pB̄′ − pB)µ]γ5v(pB̄′),

⟨BB̄′|q̄′γµγ5b|B̄⟩ = iū(pB)[f1γµ + f2iσµνp
ν + f3pµ + f4qµ + f5(pB̄′ − pB)µ]v(pB̄′), (3)
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C.Q. Geng, Y.K. Hsiao.
Phys. Rev. D 85 (2012) 094019

Predict                       = (7.9 ± 1.9) x 10-7

• Rare decay (suppressed by the standard model)
• New physics potentially hiding in loops - will affect 
branching fraction
• Amenable to further study: angular asymmetries,
T-odd observables etc.

BRIEF ARTICLE

THE AUTHOR

B� ! ⇤p̄⌫⌫̄
B� ! K�⌫⌫̄
B̄ ! pp̄(K̄(⇤), ⇡, ⇢)
B̄0 ! pp̄D(⇤)0

B(B� ! ⇤p̄⌫⌫̄)
hello! B�

hello!

1

BRIEF ARTICLE

THE AUTHOR

B� ! ⇤p̄⌫⌫̄
B� ! K�⌫⌫̄
B̄ ! pp̄(K̄(⇤), ⇡, ⇢)
B̄0 ! pp̄D(⇤)0

B(B� ! ⇤p̄⌫⌫̄)
/ 1/m6

BB̄

BB̄
BB̄
B+B�

B0B̄0

Btag

Bsig

⇤ p̄ ⌫ ⌫̄
p⇡�

bb̄
/(1 + cos✓L)2

hello! B�

hello!

1

• Predicted: (4.5 ± 0.7) x 10-6 (J. High Energy Phys. 2009, 022)
• Measured: 
BABAR (hadronic): <3.7 x 10-5 (Phys. Rev. D 87 (2013) 112005)
BABAR (semi-leptonic): <1.3 x 10-5 (Phys. Rev. D 82 (2010) 112002)
Belle (hadronic): <5.5 x 10-5 (Phys. Rev. D 87 (2013) 11110)

Details and motivation

Geng, & Hsiao



• First ever measurement of   . Results:
BF central value: (0.4 ± 1.1(stat.) ± 0.6(sys.)) x 10-5

BF upper limit at 90% confidence level: 3.0 x 10-5

(Compare theory: (7.9 ± 1.9) x 10-7)

• No observation of signal or New Physics.

 3

• Presented at Lake Louise 2018: https://indico.cern.ch/event/531125/contributions/2851789/

BaBar result
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Lake Louise Winter Institute,  24 February 2018              Robert Seddon, McGill University /12
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Final results
• Data in signal region: 3 events
• Final background estimate: 2.3 ± 0.7(stat.) ± 0.6(sys.)
• Final signal efficiency: (3.42 ± 0.08(stat.) ± 0.80(sys.)) x 10-4

mpπ- cut
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BABAR
preliminary

• Branching fraction calculations: central value: (0.4 ± 1.1(stat.) ± 0.6(sys.)) x 10-5

upper limit at 90% confidence level: 3.0 x 10-5

(compare theory: (7.9 ± 1.9) x 10-7)

BABAR
preliminary

Data in signal region: 3 events

Final background estimate:
2.3 ± 0.7(stat.) ± 0.6(sys.)

Final signal efficiency:
(3.42 ± 0.08(stat.) ± 0.80(sys.)) x 10-4
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·Use MC9:
·SigMC: MC9, 10 M events, phase3, Ups(4S), BGx1.
·Generic background available in large numbers and (being) skimmed.

·Run MC through FEI (hadronic charged only) plus “skim” cuts:

Central FEI skim cuts
Mbc > 5.24 GeV
|deltaE| < 0.200 GeV
signal probability > 0.001

Signal-specific/other cuts
total number of tracks in event before FEI <= 10 (FEI can’t reco Btags from >7 tracks)
missing energy > 0 (neutrinos)
remaining tracks in event after FEI == 3 (Lambda(p pi-)pbar)
if >1 Btag candidate in an event, keep candidate with highest signal probability

FEI and skimming
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·Btag reconstruction using FEI and skim cuts on MC9, O(100,000) events for each event type:

FEI and skimming

Btag Mbc
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·Reconstruct lambdas from PID’ed proton and pion candidates (95% selection efficiency in both 
cases). If >1 lambda candidate, choose one with best significance of distance relative to IP.

·From 150,000 sigMC events after FEI, but no tight Btag cuts imposed yet:

·Lambda reco at Belle2: 10-15% lower efficiency and 2x higher background than Belle, believed to 
be due to differences in pion tracking:
confluence.desy.de/x/dyWdAw → LambdaFindingBelle&BelleII.pdf

Lambda reconstruction

PDG Lambda 
mass = 1.116 GeV

Reconstructed Lambda mass

https://confluence.desy.de/download/attachments/60630391/LambdaFindingBelle%26BelleII.pdf?version=1&modificationDate=1523316068285&api=v2
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Immediate next steps in analysis
·Continuum suppression.
·Cut out events with large non-Btag ECL energy deposits.
·Scale-up analysis beyond O(100,000) events per MC type, i.e grid processing.

Longer-term plan
·Aim to complete an MC-only sensitivity study in a few months.

FEI skims
·Mostly available (>80% complete) and in-principle usable for analysis.
·FEI MC9 trainings released yesterday, central skims use MC7 training.
·Analysts need to skim their own signal MC anyway.

New Physics
·Branching fraction measurement can provide constraints
on Wilson coefficients for left- and right-handed weak
currents, as already done by BaBar B -> Knunu analyses:

Plans and outlook
statistical and systematic uncertainties. These combined
results reweight the sB distribution to that of the ABSW
theoretical model (dashed curve in Fig. 5), which decreases
the signal efficiencies published in Ref. [15] by approxi-
mately 10%. The B ! K!! !! central values also can be
combined with the semileptonic-tag results from a pre-
vious BABAR search [16]. In order to obtain approximate
frequentist intervals, the likelihood functions in the pre-
vious search are extended to include possibly negative
signals. We obtain combined BABAR upper limits at the
90% CL of

BðBþ ! K!þ! !!Þ< 6:4% 10&5;

BðB0 ! K!0! !!Þ< 12% 10&5; and

BðB ! K!! !!Þ< 7:6% 10&5:

(5)

The combined central value is BðB ! K!! !!Þ ¼
ð3:8þ2:9

&2:6Þ % 10&5.
Since certain new-physics models suggest that enhance-

ments are possible at high sB values, we also report model-
independent partial branching fractions ("Bi) over the full
sB spectrum by removing the low-sB requirement. The
"Bi values are calculated in intervals of sB ¼ 0:1, using

Eq. (3) (with the Nobs
i , Npeak

i , Ncomb
i , and "sigi values found

within the given interval) multiplied by the fraction of the
signal efficiency distribution inside that interval. Figure 6
shows the partial branching fractions. The signal efficiency
distributions are relatively independent of sB, which are
also illustrated in Fig. 6. To compute model-specific values
from these results, one can sum the central values within
the model’s dominant interval(s) (with uncertainties added
in quadrature) and divide the sum by the fraction of the
model’s distribution that is expected to lie within the same
sB intervals. These partial branching fractions provide

TABLE V. Expected B ! K! !! background yields Nbkg
i ¼

Npeak
i þ Ncomb

i , signal efficiencies "sigi , number of observed
data events Nobs

i , resulting branching fraction upper limits at
90% CL, the central values Bi, and the combined upper limits
and central value, all within the 0< sB < 0:3 region. Lower
limits at 90% CL are also reported, as discussed in the text.
Uncertainties are statistical and systematic, respectively. The
B0 ! K0! !! efficiency accounts for BðK0 ! K0

SÞ and BðK0
S!

"þ"&Þ [30].

Bþ ! Kþ! !! B0 ! K0! !!

Npeak
i 1:8( 0:4( 0:1 2:0( 0:5( 0:2

Ncomb
i 1:1( 0:4( 0:0 0:9( 0:4( 0:1

Nbkg
i

2:9( 0:6( 0:1 2:9( 0:6( 0:2

"sigi ð%10&5Þ 43:8( 0:7( 3:0 10:3( 0:2( 1:2

Nobs
i 6 3

Bi ð1:5þ1:7þ0:4
&0:8&0:2Þ % 10&5 ð0:14þ6:0þ1:7

&1:9&0:9Þ % 10&5

Limits ð>0:4; <3:7Þ % 10&5 <8:1% 10&5

BðB ! K! !!Þ ð1:4þ1:4þ0:3
&0:9&0:2Þ % 10&5

Limits ð>0:2; <3:2Þ % 10&5
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FIG. 6. The central values (points with 1# error bars) of the
partial branching fractions "Bi versus sB, for (a) B

þ ! Kþ! !!,
(b) B0 ! K0! !!, (c) Bþ ! K!þ! !!, and (d) B0 ! K!0! !!. The
subplots show the distribution of the final signal efficiencies
within each sB interval (histogram with error bars) and over the
full sB spectra (dotted line). The partial branching fractions are
provided only within the intervals that are unaffected by the
kinematic limit at large sB.
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FIG. 7 (color online). The constraints at 90% CL on $ and % of
Eq. (6) for sensitivity to new physics with right-handed currents.
The B ! K! !! (diagonal shading) and B ! K!! !! (grey shading)
excluded areas are determined from the upper and lower limits of
this B ! Kð!Þ! !! analysis (solid curves) and from the most-
stringent upper limits from previous semileptonic-tag analyses
[15,16] (dashed curves). The dot shows the expected SM value.
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